A novel therapy for colitis utilizing PPAR-y ligands 
to inhibit the epithelial inflammatory response 
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Peroxisome proliferator-activated receptor y (PPAR-y), a member of the nuclear hormone receptor super- 
family originally shown to play a critical role in adipocyte differentiation and glucose homeostasis, has 
recently been implicated as a regulator of cellular proliferation and inflammatory responses. Colonic 
epithelial cells, which express high levels of PPAR-y protein, have the ability to produce inflammatory 
cytokines that may play a role in inflammatory bowel disease (IBD). We report here that PPAR-y ligands 
dramatically attenuate cytokine gene expression in colon cancer cell lines by inhibiting the activation 
of nuclear factor-KB via an iKB-a-depcndent mechanism. Moreover, thiazolidinedione ligands for 
PPAR-y markedly reduce colonic inflammation in a mouse model of IBD. These results suggest that 
colonic PPAR-y may be a therapeutic target in humans suffering from IBD. 

/. CUn. Invest 104:383-389 (1999). 



Introduction 

Delicately balanced mechanisms maintain the intestin- 
al mucosa in a quiescent state of inflammation. In 
humans, loss of this balance leads to inflammatory 
bowel disease (IBD), a chronic debilitating disease that 
affects millions of people worldwide. The intestinal 
inflammatory phenotype observed in many immune 
receptor and cytokine knockout mice models lends sup- 
port to the notion that cytokines help to regulate and 
maintain this quiescent state (1). It is now apparent that 
the intestinal epithelium, which is the interface between 
the highly antigenic luminal environment and the 
mucosal immune system, plays an active role in the 
immune responsiveness of the intestinal mucosa Intesti- 
nal epithelial cells not only express various immune 
receptors traditionally believed to be expressed primari- 
ly by myeloid cell lineages (2), but they can also produce 
a wide array of immunomodulatory substances such as 
cytokines and complement factors (3-5). Indeed, specif- 
ic perturbation of the intestinal epithelium can lead to 
intestinal inflammation (6, 7). 

Many immune response genes are regulated by homo- 
and heterodimeric complexes of the nuclear factor-KB/Rel 
(NF-KB/Rel) family of transcription factors. We have pre- 
viously shown that binding of proteins to the NF-kB ele- 
ment in the IL-8 promoter is critical for I L-lp- mediated 
activation of this promoter in intestinal cell lines (8). In 
most cells, NF-KB/Rel factors are maintained in an inac- 
tive state in the cytoplasm bound to members of the IkB 
family of inhibitory proteins (9). Upon cell stimulation by 
a variety of immunomodulatory substances such as IL- 1, 



TNF-a, PMA, or oxygen radicals, these IkB proteins are 
rapidly phosphorylated and degraded via the ubiquirin- 
proteosome pathway (10). This enables NF-KB/Rel pro- 
teins to translocate from the cytoplasm into the nucleus 
and activate gene transcription. Inhibitors of NF-kB acti- 
vation, such as glucocorticoids, have been shown to be 
very potent anti-inflammatory agents (11). 

Recently, ligands for the peroxisome proliferator-acti- 
vated receptor y (PPAR-y) have been shown to inhibit the 
expression of various cytokines in monocytes and 
macrophages, principally by preventing the activation of 
NF-KB/Rel by an unknown mechanism (12, 13). PPAR-y 
is a member of the nuclear hormone receptor superfami- 
ly whose Ugands include several prostanoids including 15- 
dcoxy-A^^*^ prostaglandin J2 (ISd-PGJz), polyunsaturated 
fatty acids, a variety of nonsteroidal anti-inflammatory 
drugs (NSAIDs), and a new class of oral antidiabetic 
agents, the thiazolidinediones (TZDs) (14-16). PPAR-y lig- 
ands are best characterized as regulators of adipocyte dif- 
ferentiation and glucose homeostasis (17, 18), 

PPAR-y is also expressed at high levels in both the 
colonic epithelium and in colon cancer cell lines (19-23). 
The function of PPAR-y in the colonic epithelium is cur- 
rently unknown. This is reinforced by recent studies that 
report that PPAR-y Ugands can either increase or decrease 
colonocyte proliferation depending on the model system 
studied (2 1-24). Here we show that the role of PPAR-y in 
the colon may not be solely, or even primarily, to regulate 
growth and differentiation, but rather to regulate 
immune responsiveness. PPAR-y ligands dramatically 
interfere with the activation of NF-kB and the ability of 
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colonocyces to express immunomodulatory cytokines. 
Moreover, PPAR-y ligands interfere with the colonic 
inflammatory process in vivo and, thus, have promise as 
preventive and therapeutic agents against IBD. 

Methods 

Cell culture. Caco-2 and HT-29 cells (American Type Culture 
Collection, Rockville, Maryland, USA) were maintained in 
DMEM containing 10% FBS and penicillin/streptomycin. 

RJt^A analysis. Caco-2 and HT-29 cells were treated 
with various concentrations of 15d-PGj2, BRL 49653, 
ethyl acetate, or DMSO for 24 hours. After RNA isola- 
tion and blotting, the Northern blots were hybridized 
with cDNA probes for IL-8, monocyte chemoattractant 
protein- 1 (MCP-1), and ribosomal 7S (25). 

Protein analysis. Proteins were isolated from cells in cul- 
ture by suspension in RIPA buffer (Ix PBS, 1% Nonidet P- 
40, 0.5% sodium deoxycholate, 0.1% SDS) containing 100 
|J.g/mL PMSF, 60 ^g/mL aprotinin, and 1 mM sodium 
orthovanadate. Cell lysates were centrifuged, and the 
supernatants were collected and subjected to Western 
analysis using a 1:200 dilution of an affinity-purified IkB- 
a antibody (sc-203; Santa Cruz Biotechnology Inc., Santa 
Cruz, California, USA). After a wash in Ix TTBS contain- 
ing 0.1% Tween and a 1-hour incubation at room temper- 
ature with a horseradish pcroxidase-conjugated anti-rab- 
bit antibody (1:5,000 dilution; Boehringer Mannhein 
Biochemicals, Indianapolis, Indiana, USA), the proteins 
were viewed by enhanced chemiluminesccnce (Amersham 
Pharmacia Biotech, Piscataway, New Jersey, USA). 

Electrophoreric mobility shift assays (EMSAs) were 
performed using Caco-2 cells treated with either methyl 
acetate (solvent) or 15d-PGj2 (30 |lM) for 24 hours. The 
cells were stimulated with complete medium containing 
IL-lp (5 ng/mL) for various penods as indicated. Nuclear 



proteins were isolated from both unstimulated and IL- 
Ip-stimulated Caco-2 cells. Double-stranded oligonu- 
cleotides spanning the NF-kB element of the IL-8 pro- 
moter (8) were labeled with ^^P. Binding reactions, each 
containing 10 Jig of nuclear proteins, were performed as 
described previously (26). Nuclear proteins were subse- 
quently separated on a 4% polyacrylamide gel. 

Transient cell trans fections. Caco-2 cells were transiently 
cotransfected with either the IL-8 promoter luciferase 
reporter plasmid (wt)LUC (8) or the PPAR-y-regulated 
reporter plasmid acyl-CoA X 3-TK-LUC (27) and pCMV- 
P-gal (transfection control), using the calcium phos- 
phate precipitation method (28). Forty-eight hours after 
transfection, the cells were treated with various concen- 
trations of 15d-PGj2 for 24 hours. Cells were stimulated 
with IL-lp (5 ng/mL) for 6 hours, followed by assays for 
luciferase and P-gal activity as described previously (29). 

Animal treatments. Female 8-week-old Swiss-Webster 
mice, weighing 25-30 g, were fed standard mice chow 
pellets and had ^.cc^ss to tap water. Acute colitis was 
induced by feeding the mice 4% dextran sodium sulfate 
(DSS; molecular mass = 30-40 kDa dissolved in drink- 
ing water) for 7 days. Two treatment studies were per- 
formed, one with troglitazone (Rezulin; Parke-Davis, 
Morris Plains, New Jersey,USA) and the other with BRL 
49653. The 2 studies contained 8 animals in each treat- 
ment group. In the first protocol, troglitazone was sus- 
pended in 0.75% methylcellulose solution. Zero, 10, 30, 
and 100 mg/kg/d of troglitazone (0.1 mL/mouse) was 
administered by gavage on the day DSS feeding was ini- 
tiated. After induction of colitis, DSS was discontinued 
on day 7. Therapy with troglitazone was continued until 
the mice were sacrificed on day 15. In the second proto- 
col, colitis was initiated with DSS for 7 days, followed by 
therapy with BRL 49653 (suspended in 0.75% methyl- 



Figure 1 

PPAR-y ligands inhibit cytokine gene 
expression in colon cancer cell lines, (a) 
The Caco-2 colon cancer cell line was 
created with various concentrations of 
15d-PGj2 for 24 hours before immune 
stimulation with IL-ip for 90 minutes, (b) 
Quantitation of IL-8 mRNA expression in 
Caco-2 cells treated with various concen- 
trations of 15d-PCj2. Mean ± SD of 3 inde- 
pendent determinations, (c and d) HT-29 
cells were treated for 24 hours with various 
concentrations of either 1 Sd-PGJa (c) or 
BRL 49653 (d), followed by stimulation 
with IL-1 p for 90 minutes. 
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Figure 2 

15d-PCj2 inhibits the transcriptional activation of the IL-8 promoter by 
preventing the activation of NF-kB via an iKB-a-dependent pathway, (a) 
Caco-2 cells cotransfected with either an IL-8 promoter luciferase 
reporter gene or the PPAR-y-regulated reporter plasmid, acyl-CoA X 3- 
TK-LUC, were treated with various concentrations of 1 5d-PGj2 for 24 
hours, followed by stimulation with IL-1p (5 ng/mL). (b) EMSAs of 
nuclear extracts isolated from Caco-2 cells treated with either 15d-PGj2 
or methyl acetate for 24 hours and followed by IL-I^ stimulation (5 
ng/mL) for the times indicated. A double-stranded oligonucleotide span- 
ning the NF-kB element in the IL-8 promoter was used as a probe, (c) IkB- 
a Western blot of proteins isolated from Caco-2 cells treated with 15d- 
PGJ2 or methyl acetate for 24 hours and followed by IL-1 p stimulation (5 
ng/mL) for the times indicated. 



cellulose at 0 or 20 mg/kg/d gavaged orally) for an addi- 
tional 8 days, at which time the animals were sacrificed 
for histological analysis. A disease activity index (DAI) 
was determined on a daily basis for each animal, and 
consists of a calculated score based on change in body 
weight, stool consistency, and intestinal bleeding as 
described previously (30). Parameters for the DAI were 
measured by an investigator (A. Flanigan) blinded to the 
protocol. A significant decrease in the DAI is considered 
an end point of successful therapy. 

Histology and immunohistochemistry. Mouse colonic tis- 
sues embedded in OCT were cut into 5-fim sections and 
dried and fixed in 4% paraformaldehyde. After a rinse in 
Ix PBS, they were treated with 1.5% H2O2 in methanol 
for 20 minutes at room temperature. The sections were 
then microwaved for 12 minutes in 10 mM citrate 
acetate (pH 6.0). Blocking was performed for 10 minutes 
with Ix PBS containing 5% normal goat serum, and the 
sections were incubated with an affinity-purified poly- 
clonal antibody for PPAR-y(31) at 1:500 dilution for 30 
minutes. After washing with Ix PBS, the slides were 
incubated with a biotinylated goat anti-rabbit secondary 
antibody (Vector Laboratories, BurUngame, California, 
USA) at a dilution of 1:200 for 30 minutes. Staining was 
detected by using the horseradish peroxidase VECTAS- 
TAIN Elite ABC kit (Vector Laboratories) and 3,3'- 
diaminobenzidine (DAB; Sigma Chemical Co., St. Louis, 
Missouri, USA). The slides were counterstained in hema- 
toxylin, dehydrated in ethanol and xylene, and mounted 
widi mounting media. Blocking experiments used 10 |ig 
of immunogen peptide preincubated with the PPAR-y 
antibody at 4° C overnight: 

Results 

Treatment of the Caco-2 intestinal cell line, previously 
shown to express PPAR-y, with 15d-PGj2 strongly inhibit- 
ed IL-lp-induced expression of both the neutrophil 
chemoattractant IL-8 andMCP-1 (Figure la). The average 
of 3 independent experiments showed this inhibitory 
effect to be dose dependent, with an EC50 of 12 fXM (Fig- 
ure lb), which is near the Ka. of 15d-PGj2 binding to PPAR- 
Y(15, 32). 15d-PGj2 also inhibited the induction of IL-8 
expression in a second intestinal cell line, HT-29, in 
response to stimulation with either IL-lp (Figure Ic) or 
TNF-a (data not shown). A different ligand for PPAR-Y, 
the TZD BRL 49653, also inhibited IL-8 gene expression 
in a dose-dependent fashion, with an EC50 of 10-50 ^IM 





(Figure Id). Interestingly, although the PPAR-a isoform 
has been shown to be expressed in colon cancer cell Unes 
(33), treatment of either Caco-2 or HT-29 cells with the 
PPAR-a-specific ligand WY 14643 did not inhibit the 
expression of IL-8 (data not shown). This finding is direct 
contrast to that observed in vascular smooth muscle cells, 
where ligands for PPAR-a, but not PPAR-y, inhibit the 
inflammatory response (34). Therefore, although both 
PPAR-a and PPAR-Yheterodimerizc with retinoid X recep- 
tor and bind to similar ciy-acting elements, their effects on 
immune responsiveness appear to be tissue specific. 

We next investigated the mechanism by which PPAR-y 
ligands inhibit IL-8 gene expression in colon cancer cells. 
Consistent with its effect on IL-8 gene expression, 15d- 
PGJ2 inhibited the ability of IL-1 p to activate a reportet 
gene regulated by the IL-8 promoter in a dose-depend- 
ent fashion (Figure 2a). Moreover, the ECso of 25 p.M for 
inhibition of the IL-8 promoter showed excellent agree- 
ment with the activation of transcription from a well- 
characterized positive PPAR-Y response element from the 
acyl-CoA oxidase gene (27), strongly suggesting that the 
effects of the ligand are mediated by PPAR-Y Differences 
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Figure 3 

PPAR-y ligands inhibit inflammation and reduce disease 
severity in the DSS model of murine colitis, (a) Colitis was 
established after 7 days of 4% DSS. Day 0 refers to the day 
that DSS treatment ended. Throughout the entire course of 
the study, the mice were treated with the amounts of trogli- 
tazone indicated. A DAI was determined daily for each ani- 
mal in the study. *P= 0.009, **P- 0.003 by unpaired f test, 
(b) Colitis was established after 7 days of 4% DSS. Day 0 
refers to the day that DSS treatment ended and BRL 49653 
administration was begun. 0.001, **P- 0.008. 
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in mRNA stability, translation, and enzymatic activity, 
alone or in combination, may account for the difFerence 
between the EC50 in this reporter gene study and that 
observed for the inhibition of IL-8 mRNA expression 
(Figure 1, a and b). 

We have previously shown that site-directed mutagen- 
esis of the NF-kB element within the context of the IL-8 
promoter completely eliminates activation in response to 
stimulation with IL-lp (8). Transfection experiments 
confirm that this mutated promoter remains completely 
inactive when Caco-2 cells are pretreated with 10-30 
15d-PGj2 (data not shown). EMS As show that the treat- 
ment of Caco-2 cells with ISd-PGJi dramatically reduced 
nuclear protein binding to the NF-kB element of the IL- 
8 promoter (Figure 2b). In response to immune stimula- 
tion, degradation of the IkB family of proteins plays a 
critical role in the activation of NF-kB (9). The rapid and 
transient expression of IL-8 mRNA in Caco-2 cells in 
response to IL-lp stimulation is consistent with regula- 
tion by iKB-a expression. An immunoblot of iKB-a in 
Caco-2 cells showed that iKB-a protein was rapidly 
degraded within 10 minutes after stimulation with IL-lp, 
followed by reappearance of the protein at 80 minutes 
due to auto regulatory induction of this gene by NF-kB 
(35) (Figure 2c). In contrast, IicB-a was resistant to degra- 
dation in IL-lp-stimulated Caco-2 cells treated with 15d- 
PGJ2 (Figure 2c), consistent with the absence of NF-kB 
binding noted on EMSA (Figure 2b). 

To determine whether ligands for PPAR-y can attenu- 
ate intestinal inflammation in vivo, we studied the effect 
of 2 different TZD PPAR-y ligands on a well-established 
murine model of colonic inflammation that is com- 
monly used to screen pharmacologic agents (1). Animals 
fed 4% DSS develop colonic inflammation within 7 days; 
after termination of DSS administration, colonic 
inflammation slowly resolves (30). The DAI provides a 
well-characterized method of quantitating disease sever- 
ity in this model that correlates well with histological 
healing (30). Two treatment studies were performed, one 
with troglitazone and the other with BRL 49653. In the 
First study, mice were treated throughout the entire pro- 
tocol with various concentrations of troglitazone. The 
DAI for each study group demonstrated that 7 and 8 
days after DSS was discontinued, troglitazone (100 



mg/kg/d) led to a 47% and 70% decrease in the DAI, 
respectively, compared with the placebo-treated group 
(Figure 3a), Also noted was a trend toward a decrease in 
the DAI observed in mice treated with an intermediate 
dose of troglitazone (30 mg/kg/d), suggestive of a dose- 
dependent response. Therapeutic efficacy was also deter- 
mined for BRL 49653 in the same model. BRL 49653 was 
administered once colitis was established after 7 days of 
DSS. This eliminated the possibility that the compound 
altered water consumption while the disease was being 
initiated with DSS during the first 7 days. Figure 3b 
shows that BRL dramatically decreased the DAI by 67% 
and 70% on days 7 and 8, respectively. 

Immunohistochemistry of the normal colon showed 
that PPAR-y is expressed predominantly by epithelial 
cells located in the proliferative crypt compartment (Fig- 
ure 4a). The specificity of this nuclear staining was con- 
firmed by effective competition using the immunogen 
peptide. Immunohistochemistry was also performed on 
tissues obtained from animals treated with DSS (Figure 
4b). Colonic tissue from animals that received vehicle 
alone showed intense mucosal inflammation with a 
chronic inflammatory infiltrate, edema, and marked 
thickening of the bowel wall. In contrast, histological 
sections from the colon of animals treated with 8 days of 
BRL 49653 showed a remarkable decrease in inflamma- 
tion with only a mild inflammatory infiltrate, no edema, 
and normal bowel wall thickness. Immunostaining of 
these tissue sections demonstrated that PPAR-y was 
expressed primarily in the colonic epithelium, even in 
the presence of intense inflammation (Figure 4b). The 
inflammatory cells expressed comparatively little PPAR- 
y, consistent with the colonic epithelium being the tar- 
get of PPAR-y ligands. 

Discussion 

There is significant interest in the biologic conse- 
quences of PPAR-y activation in the colon. Because of 
the differentiating and antiproliferative effects of 
PPAR-y in adipose and breast tissue (17, 18, 36, 37), it 
has been proposed that ligands for this receptor may 
have therapeutic potential in chemoprevention or the 
treatment of colorectal neoplasia (2 1, 24). Recent stud- 
ies, however, suggest that these same ligands actually 
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enhance colon polyp and tumor formation in the min 
mouse model of familial adenomatous polyposis coli 
(22, 23). Here we show that PPAR-y ligands have anoth- 
er major effect on colon epithelial cells, namely, to reg- 
ulate the inflammatory response. Several historical 
observations are consistent with the possible utility of 
PPAR-Y activation in the treatment of colonic inflam- 
mation. First, polyunsaturated fatty acids, such as pro- 
vided in fish oil, have been shown to be potent activa- 
tors of PPAR-y and to have efficacy in the treatment of 
IBD (38, 39). Second, there is evidence that TZDs may 
decrease insulin resistance by decreasing the produc- 
tion of TNF-a by adipose tissue and/or by inhibiting 
TNF-a- mediated signal transduction (40). Inhibition 
of TNF-a activity by the use of anti-TNF antibodies has 
been shown to be an effective treatment modality for 
refractory Crohn's disease (41). 

We show that 2 different classes of ligands for PPAR-y 
potently inhibit cytokine expression in 2 different PPAR- 
y-expressing colon cell lines (21, 24). The increased 



potency of ISd-PGJa relative to BRL 49653 contrasts 
with the direct binding affinities of these compounds for 
PPAR-y, but is consistent with the relative potencies of 
these compounds for negative regulation of genes 
involved in the inflammatory response (12, 13). At pres- 
ent, it is not known why the EC50 for BRL 49653 is 
greater than that for 15d-PGj2. It is possible that cofac- 
tors necessary for transcriptional repression interact 
with ligand-bound PPAR-y differently than those 
involved in transcriptional activation (42). We also do 
not exclude the possibility that these compounds inhib- 
it cytokine gene expression through additional mecha- 
nisms independent of PPAR-y. Indeed, a PPAR-y-inde- 
pendent pathway may be operative in neuronal cells, 
where investigators have recently shown that ISd-PGJz 
inhibits inducible nitric oxide synthase (iNOS) expres- 
sion and promoter activity by inhibiting transcriptional 
activation via NF-kB (43). iNOS expression in microglial 
cells was not inhibited by TZDs, and the nuclear translo* 
cation and DNA-binding activities of NF-kB were unaf- 




Fi^re 4 

PPAR-y expression is localized specificalty to the colonic epithelium in normal and inflamed tissue, (a) Immunohistochemistry for PPAR-y was 
performed on frozen sections of normal mouse colonic tissue. A peptide blocking experiment is shown on the right, (b) Detection of PPAR-y by 
immunohistochemistry in colonic tissue obtained from mice treated for 8 days with cither vehicle alone or BRL 49653 (20 mg/kg/d). xlOO. MP. 
muscularis propria; SM, submucosa. 
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fected by 15d-PGj2. These results, however, are distinct- 
ly different from our findings in intestinal cell lines, 
where BRL 49653 does inhibit IL-8 expression. Further- 
more, we show that in Caco-2 cells, 15d-PGj2 inhibits the 
nuclear translocation and subsequent DNA binding of 
NF-kB via an iKB-a-dependent pathway by inhibiting 
the immune response-induced degradation of iKB-a. 
This is also distinct from the putative non-PPAR path- 
way of iNOS regulation in neuronal cells. Although fur- 
ther investigation will be required to elucidate the 
upstream mechanisms by which PPAR-y inhibits the 
degradation of iKB-a, inhibition of both IL-lp- and 
TNF-a-induced IL-8 gene expression suggests that acti- 
vation of PPAR-y alters functional elements common to 
both these pathways. Targeting of NF-kB as a therapeu- 
tic approach to IBD is already established (44). 

Although previous studies have shown that activation 
of PPAR-y inhibits the inflammatory response in mono- 
cytes and macrophages, immunolocalization of PPAR-y 
primarily to colonocytes, even in the presence of inflam- 
mation, strongly suggests that these epithelial cells are 
the target of PPAR-y ligands in this model. This provides 
evidence that immunomodulation of the intestinal 
epithelium alone may be efficacious in the treatment of 
intestinal inflammatory states. We do not exclude the 
possibility that a component of the anti-inflammatory 
effect is mediated by the action of TZDs on the systemic 
immune system. However, the fact that DSS adminis- 
tered rectally can also induce colitis suggests that the 
inflammatory response is initiated by an effect localized 
to the colon rather than involving an alteration in the 
systemic immune system. 

The role that PPAR-y ligands may play in neoplasia need 
not be necessarily viewed as a disparate effect. Indeed, it is 
well known that chronic intestinal inflammation not only 
alters patterns of cellular proliferation and differentiation 
in the intestinal epithelium, but is also a significant factor 
in the development of colorectal neoplasia (45, 46). At the 
present time, the effect of PPAR-y agonists on colonic 
epithelial cell growth is controversial. Two studies show 
that these ligands have potent antineoplastic and antipro- 
liferative activities both in vivo and in vitro (2 1, 24). In con- 
trast, the 2 studies showing thatTZD ligands increase the 
number of colonic j>olyps utilize the min mouse model of 
intestinal polyposis (22, 23). The proneoplastic effect 
observed, therefore, occurs in a sin^e murine model relat- 
ed to an adenomatous polyposis coli gene (APC) muta- 
tion- The relevance of the min mouse model to IBD is 
uncertain, particularly because APC mutations are rare in 
colitis-induced neoplasia (47). Furthermore, highly unsat- 
urated fatty acids, which are known natural ligands for 
PPAR-y, are well known not only to reduce the risk of 
colonic tumors, but also as an effective treatment for 
intestinal inflammation (38, 48, 49), supporting the anti- 
neoplastic role of PPAR-y. At this point, therefore, it is pre- 
mature to conclude that PPAR-y ligands will induce 
colonic neoplasia in any background, but particularly in 
the setting of intestinal inflammation. In fact, an equally 
compelling case could be made that these compounds 
may protect against the development of neoplasia associ- 
ated with colitis. Further investigation into the effect of 
PPAR-y ligands on neoplastic transformation in the set- 



ting of IBD may provide important insights into the biol- 
ogy of the colonic epithelium. 

PPAR-y ligands represent a novel approach to the treat- 
ment of IBD. The TZD ligands used in the animal stud- 
ies were well within the doses needed for insulin sensiti- 
zation and have been shown to be well tolerated by mice 
(21). The DAIs used to quantitate disease activity in our 
animal studies are comprehensive functional measures 
that are analogues to the subjective clinical symptoms 
observed in humans with ulcerative colitis. Many anti- 
inflammatory pharmaceuticals have been studied in the 
DSS model of colitis that show efficacy paralleling the 
clinical response observed in humans (30, 50-53). In fact, 
the results with either troglitazone or BRL 49653 show 
a greater level of therapeutic efficacy than that observed 
with Olsalazine (Dipentum; Pharmacia and Upjohn, 
Kalamazoo, Michigan, USA); (150 mg/kg/d) (5 1). There- 
fore, the highly significant anti-inflammatory effect 
observed with the DSS model provides the single best 
indication that PPAR-y ligands may have clinical effica- 
cy in patients with IBD. 
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